Ni-decorated carbon nanotube ͑CNT͒ film of a networklike architecture has been formed on a stainless steel substrate by electrophoretic deposition ͑EPD͒ in CNT suspension containing nickel nitrate. Adsorption of nickel ions on the CNTs increases the measured zeta potential and consequently favors the dispersion and EPD of CNTs. Nickel ions are reduced on the CNT surface to form Ni-decorated CNT film in the EPD process. The deposited nickel layer plays an important role in improving the adhesion, wettability, and electrochemical reaction of the film. Therefore, the Ni-decorated CNT film exhibits an excellent capacitive behavior compared with the bare CNT film. There is a growing interest in the application of electrophoretic deposition ͑EPD͒ for the preparation of carbon nanotube ͑CNT͒ film for field-emission devices, 1-6 fuel cells, 7 and electrochemical capacitors. 8, 9 EPD allows an efficient deposition of CNT film of controlled thickness and homogeneous microstructure on conductive substrates because it has the advantages of short formation time, simple setup, low cost, and suitability for mass production.
There is a growing interest in the application of electrophoretic deposition ͑EPD͒ for the preparation of carbon nanotube ͑CNT͒ film for field-emission devices, [1] [2] [3] [4] [5] [6] fuel cells, 7 and electrochemical capacitors. 8, 9 EPD allows an efficient deposition of CNT film of controlled thickness and homogeneous microstructure on conductive substrates because it has the advantages of short formation time, simple setup, low cost, and suitability for mass production. 2, 10 EPD proceeds via three processes: particle charging, particle transport under the applied electric field, and deposition of particles with neutralization. 11, 12 Cathodic or anodic deposition can be achieved depending on the particle charge. 13 The surface charge on the CNTs, which can be controlled by the addition of a charging agent to the suspension, plays an important role in stabilizing the suspension and in facilitating the deposition. 5 and tetraoctylammonium bromide. 7, 14 It was reported that the presence of a charging agent improves the adhesion of CNTs to substrates in the EPD process. 2 However, residual surfactants can be difficult to remove once added and may be detrimental to the performance of CNTs in a given application.
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Electrochemical capacitors are energy-storage devices that have attracted much attention due to their high power capability and longcycle life compared to the traditional batteries. 15 Recently, EPD of CNTs on nickel foils from ethanol suspension containing Mg͑NO 3 ͒ 2 has been explored for application in supercapacitors. 8, 9 In this work, the Ni-decorated CNT film is deposited onto stainless steel ͑SS͒ substrates by EPD in the CNT suspension containing nickel nitrate additive. The proposed EPD strategy allows nickel ions to deposit on the CNT surface, forming a hydrophilic surface and a metallic binder to bind CNTs together. More importantly, the deposited nickel can act as active sites for the faradaic reaction to store more capacitance in an alkaline solution.
Experimental
The multiwall CNTs were purchased from Advance Nanopower Inc. ͑ANP CC8265, Taiwan͒ and were graphitized with an external diameter of 10-40 nm and a length of 10 m. EPD of the Nidecorated CNT film was carried out at room temperature by applying a voltage difference of 60 V between working ͑SS, 2 ϫ 2 cm͒ and platinum counter ͑2 ϫ 2 cm͒ electrodes for 30 s to obtain the required weight and thickness. EPD bath was prepared by suspending isopropyl alcohol ͑IPA͒ ͑50 mL͒, CNT ͑3 mg͒, and Ni͑NO 3 ͒ 2 ·6H 2 O ͑10 mg͒. The distance between working and counter electrodes was kept at about 1 cm by a polymer spacer. For comparison, a bare CNT film was deposited electrophoretically by a voltage difference of 60 V in a bath containing IPA ͑50 mL͒, CNT ͑3 mg͒, iodine ͑2.5 mg͒, and water ͑1 mg͒. After deposition, all films were rinsed several times in deionized water and dried at 100°C for 1 h in air.
The capacitive behavior of the CNT films was determined by cyclic voltammetry ͑CV͒ in a three-electrode cell equipped with a working electrode ͑CNT film͒, a platinum counter electrode, and a saturated Ag/AgCl electrode in a 0.5 M KOH aqueous solution. Films were cycled at different scan rates using a potentiostat/ galvanostat ͑CH Instruments, CHI 608͒ in a potential range of 0-0.5 V. The surface morphology of the Ni-decorated CNT film was examined with a field-emission scanning electron microscope ͑JEOL JSM-6700F͒ with an accelerating voltage of 3 keV. The zeta potential of the CNT suspension was measured by a zeta potential analyzer ͑Brookhaven, 90Plus͒. sured capacitance. The wettability of the Ni-decorated CNT film ͑with a contact angle of 87°͒ can be significantly improved as compared with that of the bare CNT film ͑with a contact angle of 135°͒. A wettable surface makes electrolyte penetration easier and consequently increases the specific capacitance of the deposited film. Specific capacitance values calculated according to Eq. 2 at 10, 25, 50, 100, 200, and 500 mV s −1 are 117, 117, 116, 113, 108, and 100 F g −1 , respectively. Obviously, capacitance is decreased very slightly by increasing the scan rate, representing an excellent high rate capability. Figure 4 shows the relationship between specific capacitance and cycle number during repeated CV scans. The Ni-decorated CNT film exhibits a stable capacitance during cycling because very little degradation is found after 200 test cycles. The high stable capacitance of the Ni-decorated CNT film may result from the metallic Ni binder, which substantially binds CNTs together and improves the adhesion of CNTs to substrates, and is therefore suitable for longtime capacitor applications in the KOH solution.
Conclusion
We have successfully developed a simple method to fabricate Ni-decorated CNT film using the EPD strategy. The CNT of the weakly charged surface in IPA solution is detrimental to EPD and dispersion. When adding Ni͑NO͒ 3 into the CNT suspension, the dissolved nickel ions are adsorbed on the CNT surface, forming a more positively charged surface and leading to an increase in EPD rate and dispersion. More importantly, these adsorbed nickel ions can be deposited as a metallic nickel layer on the CNT surface. The deposited nickel layer improves the wettability, electrical conductivity, adhesion strength, and electrochemical reaction of the Nidecorated CNT film. Therefore, the capacitive behavior of the Nidecorated CNT film is much better than that of the bare CNT film. 
